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Albert de Roeck \Exho rtation"

Issues for Extra Dimension analyses for expermimentalists

B includeprocessesin MC Generators
B includecompleteinformation in MC Generators (spin correlations! SUSY$ UED,...)
B crosschecksbetweencodes/Monte Carlos
B agreeon phasespaceavailablefor BSM at future exps. (constraintsfrom other data)
B benchmark scenarios
B preciseknowledgeof the SM background
B higherorder corrections
B formalismuni�cation

Organization:

- this workshopMC4BSM - TeV4LHC

- EuroGdr - LesHouches( SLHA)

- Tools for SUSYand the New Physics

Tools Repository: http://www.ippp.dur. ac. uk/ monteca rlo /BSM/

M.M. M•uhlleitner, MC4BSM, Fermilab, March 20-21, 2006



KaustubhAgashe

\Signals for a Warped Extra Dimension"

B Warped Extra Dimension ! Planck-weakscalehierarchy problem,granduni�cation,
dark matter candidate,...

B Kaluza Klein modes: SM �elds haveexcitationsin the ED,
appearing asheavyparticles from the 4D point of view:

B Signals at LHC: Direct Production of KK modes

(i) \Single" Production of SM KK modes(few TeV)  
Excessof \right"-handed top pairsand W=Z 's.

Angular distribution of top decay products: discriminatingfeature.

(ii) KK GUT partners of top ( <� 1 TeV) providea dark matter candidate(� 0
R ).

Pair production of chargedpartners of DM decay into DM and typically top  
MissingEnergy+ Leptonsor Jets.

Fake SUSY,di�er in e.g. angular distributionsor number of W 's.

M.M. M•uhlleitner, MC4BSM, Fermilab, March 20-21, 2006



Raman Sundrum

\W arped/Comp osite Phenomenology (Over-)Simpli�ed"

R econnaissanceTool for TeV Scale

B Simplecomputations B Economicalstructure

B Broad view of particle physics,multiple channels B Easilycompared to other scenarios

B Easilytinkeredwith B 75% right

) A coarsedeconstructionof warped/composite scenario

Developingsafe,interesting,
representativeversions

M.M. M•uhlleitner, MC4BSM, Fermilab, March 20-21, 2006



Martin Schmaltz \Little Higgs Mo dels"

Motivation: Quadraticdivergencesat 1 loop in SM

General features: New bosonicsymmetry \L.H. partners", couplingrelations

T-parit y: No tree levelprecisionEW  no tuning

Pheno: Pair prod, cascadedecays, missingEt , DM

\Little HiggsM-Theory" (Cheng,Thaler,Wang)

minimal
mo ose T

?

holographic

simplest T

simplest

minimal
mo ose

LHM

One Lagrangianin Monte Carlo:
di�erent parameters 
simulatedi�erent models
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Peter Richardson \HERWIG and PYTHIA"

HERWIG, PYTHIA: Monte Carlo Event Generators

Monte Carlo Event Generators: Programswhich, starting with somefundamentalprocess,
predict the stableparticles which will interact with a detector.

How to implement new models? Paradigmchange2001

Les Houches Accord in 2001: Agreementon a method of passinginformation betweenprograms
generatingpartonic processesand generalpurposeeventgenerators - basedon a commonblock.
(Implementedin HERWIGand PYTHIA.)

Implementation of a new process in a generator: \Do it yourselfusingthe LesHouchesAccord"

Tutorial to help with this:
http://www.ippp.durha m.ac.u k/monte car lo/ les houches/tu tor ial /

HERWIG++: C++ helicity library is usedfor all matrix elementand decay calculations.

! Easiercoding of new matrix elementsfor production and decay.
! Easyto do spin correlations(accessto unaveragedmatrix elements)

M.M. M•uhlleitner, MC4BSM, Fermilab, March 20-21, 2006



Paul Langacker

\Higgs, neutralinos and exotics beyond the MSSM"

� From the bottom up (top down): there may be more at TeV scalethan (minimal SUGRA)MSSM
(e.g. Z 0, extendedHiggs/neutralino,quasi-chiralexotics)

� Dynamical� term leadsto very rich Higgs/neutralinophysicsat collidersand for cosmology

� Experimental LEP SM and MSSM bounds may be relaxed by
singlet-doublet mixing
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FIG. 3: (a) LEP limit [34] on ! Z Z H i =
!
gZ Z H i / gSM

Z Z h

"2 = ! Z ! Z H i / ! SM
Z ! Z h, the scaled Z Z Hi

coupling in new physics, versus the light Higgs mass. The solid black curve is the observed limit

with a 95% C. L. Points falling below this curve pass the Z Z Hi constraint . (b) cos2(" ! #) versus

M A 2 in the MSSM. The hard cuto" shown by the solid green line at M A 2 = 93.4 GeV is due to

the constraint on $(e+ e" " Ai H1) discussed in Sect ion I I I A.

state due to global U(1) symmetries discussed in Sect ion V A. In these models, the CP-odd

masses extend to zero since the mixing of two CP-odd states allow one CP-odd Higgs to be

completely singlet and avoid the constraints discussed above.

d. Higgs Boson Searches

The focus of Higgs searches is most commonly the lightest CP-even Higgs boson. In the

models that we consider, the lightest CP-even Higgs boson can have di! erent couplings than

in the SM. In Fig. 3a, we show the present limits from LEP on the scaled ZZHi coupling.6

Mixing e! ects can lower the ZZHi coupling and, in the MSSM, this occurs if MA 2 is low,

as seen in Fig. 3b where the ZZHi coupling is lowest for cos2(! ! " ) = 1. However, an

addit ional limit is placed on the mixing via the e+ e" " Ai H1 cross sect ion discussed in

Sect ion I I I A, eliminat ing low mass CP-even Higgs bosons in the MSSM, as seen in Fig. 3b.

In extended-MSSM models, addit ional mixing may occur with the singlet Þelds. Due to this

mixing and the subsequent evasion of the LEP limit on the ZZHi coupling, the lightest CP-

even Higgs may then have a mass smaller than the SM Higgs mass limit . Indeed, at tempts

6 For clarity, in all the plots that follow we sample the passed points in the results from the random scans.
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� Reduced Z Z H i coupling

� Z Z H i = (R i 1
+ cos � + R i 2

+ sin � ) 2

� Also, X ! H A , Z width, � �

mass, Z � Z 0 mixing,
V minimum, RGE

Fermil ab (Marc h 20, 2006) Paul Langac ker (P enn)

Phenocan be
very di�erent
Incorporation
in codes!
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David Kaplan

\Non-Standa rd Higgses in SUSY"

h ! N j ets in SUSY

LEP Bound on SM Higgs: 114.4GeV.

Both SUSYand EW PrecisionData prefer a lighter Higgs.

Add B= or new singletsto the MSSM, and the Higgscould dominantlydecay to multiple jets.

h

~�

~�

~q

~q

q

q

q

q

q

q

Bound reducedto 82 GeV.

Invisibleat the LHC?

New LEP II analysisand Tevatronstudiesmight coverthis blind spot.

M.M. M•uhlleitner, MC4BSM, Fermilab, March 20-21, 2006



Devin Walker

\New Physics with LHCFast"

LHCFast A toolkit to e�ciently/quickly go from theories to colliderobservables.

� Consistsof three parts:
LHCFast1: Calculatesmatrix elementsetc.
LHCFast2: Imports matrix elementsto showering generators.
LHCFast3: Convertshistogrammeddata to plots.

� Improvementscompared to existingpackages:
- Functionality/speedincreaseswhengoing from Lagrangianto plots
- Input of full helicity information possible
- Upgradesnot necessary (if LesHouchesAccord, batch run commandsremainthe same)

Littlest Higgs with T-parit y: discretesymmetryto ameliorate the \Little Hierarchy Problem"
- ViableDark Matter Candidate
- Similar to R-parity in the MSSM
- New T-odd particles, transforming as Podd ! � Podd
- Simulation: Theav y ! t + Aheav y , Aheav y DM candidate

Will becomepublic after somemore tests.

M.M. M•uhlleitner, MC4BSM, Fermilab, March 20-21, 2006



Matthew Schwartz

\Imp roving Event Generators using SCET"

B BSM physics:simulateaccuratelythe SM background

B Di�erent approximationsin di�erent eventgenerators  di�cult to estimatethe errors.

B QCD calculationsinvolvelogarithms of manyscales

B Soft Collinear E�ective Theory separatesnaturally the scales:

� predictionscan be systematicallyimproved

� consistentperturbation expansion

� errors can be estimated

Eliminatea lot of guesswork in trusting MC programs.
Reduceoneof the dominant sourcesof uncertainty in eventgeneration.

M.M. M•uhlleitner, MC4BSM, Fermilab, March 20-21, 2006



Michael Peskin

\BSM processeswith Pandora"

providea toolbox for creatingeventgenerators for generalphysicsprocesses
extensiblecode that makesit easyto changeparticle couplingsand decay chains

full accountingof (longitudinal) polarization

- Originally developed for NLC/ILC studies

- Pandora: parton leveleventgenerator in C++ with an interfaceto PYTHIAhadronization

- Interfacewith Tauola to generatelong. polarized � decays

To Do

B inclusionof e+ e� ! SUSYprocessesand decays and test the underlyingstructure

B inclusionof UED by generalizationof the SUSYclasses

B constructionof beam(parton density) classesfor pp collisions

B implementationof LesHouchesAccord, full color connectionstructure in LEvent and
pandora pythia

M.M. M•uhlleitner, MC4BSM, Fermilab, March 20-21, 2006



StephenMrenna

\BARD"

Bottom-Up Algorithm
to explainan observeddiscrepancyin the data

BARD's starting point: Excessin data

Determinenew terms describingbest observeddiscrepancy:
L H = LSM + Lnew

Bottom-Up Approach: BARDable to perform more targetedsearch than thosescanningmodel
parameterspaces

M.M. M•uhlleitner, MC4BSM, Fermilab, March 20-21, 2006



Elizabeth Simmons

\Tw o Brief Sketches: (1) Higgsless Mo dels
(2) Z 0 preferring the 3rd generation"

A Simple 3-Site Model

!
"

!
#

$%$#
!

%

!

"

SU(2) ! SU(2) ! U(1) g0, g2 ! g1

Fermion Structure Motivated by 5-D

ÒBulk FermionÓ

RH Boundary Fermion

LH Boundary Fermion

L f = ! L M ø" L 0! 1" R 1 + M ø" R 1" L 1 + M ø" L 1! 2

!
! t R

! bR

" !
uR 2

dR 2

"
+ h.c.

Flavor Structure Identical to Standard Model

Particles: photon, W,  WÕ,  Z,  ZÕ, t,  T, b, B
(c, C, s, S, u, U, d, D & leptons)
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Hsin-Chia Cheng

\Universal Extra Dimensions"

Many candidates for new physics have similar signatures at the LHC

- Supersymmetrywith R-parity
- Little HiggsTheorieswith T-parity
- UniversalExtra Dimensions(UEDs)

Two robust distinctions between UEDs and SUSY:

- KK excitationsand superpartners havedi�erent spin.
- There are higher levelsof KK excitationsin UEDs.

Need to measure the spin of the produced particles:
NeedMC tools which keepspin correlations.

Spin Measurements at LHC

Some attempts

Barr hep-ph/0405052
Smille, Webber, hep-ph/0507170
Datta, Kong, Matchev, hep-ph/0509246

SUSY: ÷q

÷! 0
2

÷"!
L

÷! 0
1

UED: Q1
Z1

"!
1

#1

q

"± (near)

"! (far)

FIG. 10: Twin diagrams in SUSY and UED. The upper (red) line corresponds to the cascade decay

÷q ! q÷! 0
2 ! q"± ÷"!

L ! q"+ "" ÷! 0
1 in SUSY. The lower (blue) line corresponds to the cascade decay

Q1 ! qZ1 ! q"± "!
1 ! q"+ "" #1 in UED. In either case the observable Þnal state is the same:

q"+ "" /ET .

analogous decay chain Q1 ! qZ1 ! q! ± ! !
1 ! q! + ! " " 1 in UED [11, 12]. Both of these

processes are illustrated in Fig. 10.

FIG. 11: Lepton-quark invariant mass dist ribut ions in (a) UED with R" 1 = 500 GeV and (b)

supersymmetry with a matching spart icle spectrum. We show separately the dist ribut ions with

the near and far lepton, and their sum. The posit ive (negat ive) charge leptons are shown in red

(blue).

Next , one forms the lepton-quark invariant mass distribut ions M! q (see Fig. 11). The

spin of the intermediate part icle (Z1 in UED or ÷#0
2 in SUSY) governs the shape of the

distribut ions for the near lepton. However, in pract ice we cannot dist inguish the near and

far lepton, and one has to include the invariant mass combinat ions with both leptons. This

tends to wash out the spin correlat ions, but a residual e! ect remains, which is due to the
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FIG. 12: Comparison of the charge asymmetry A+ ! deÞned in eq. (8) as computed in the case of

UED with R! 1 = 500 GeV and the case of supersymmetry with a matching spart icle spectrum.

di! erent number of quarks and ant iquarks in the proton, which in turn leads to a di! erence

in the product ion cross-sect ions for squarks and ant i-squarks [9]. The spin correlat ions are

encoded in the charge asymmetry [9]

A+ ! !

!
dN (q! + )

dMql
"

dN (q! ! )
dMql

" # !
dN (q! + )

dMql
+

dN (q! ! )
dMql

"

, (8)

where q stands for both a quark and an ant iquark, and N (q! + ) (N (q! ! )) is the number of

entries with posit ively (negat ively) charged lepton. Our comparison between A+ ! in the

case of UED and SUSY [11, 12] is shown in Fig. 12. We see that although there is some

minor di! erence in the shape of the asymmetry curves, overall the two cases appear to be

very di" cult to discriminate unambiguously, especially since the regions near the two ends

of the plot , where the deviat ion is the largest , also happen to su! er from poorest stat ist ics.

Not ice that we have not included detector e! ects or backgrounds. Finally, and perhaps most

important ly, this analysis ignores the combinatorial background from the other jets in the

event , which could be misinterpreted as the start ing point of the cascade depicted in Fig. 10.

Overall, Fig. 12 shows that although the asymmetry (8) does encode some spin correlat ions,

dist inguishing between the speciÞc cases of UED and SUSY appears challenging. These

results have been recent ly conÞrmed in [14], where in addit ion the authors considered a

study point with larger mass split t ings, as expected in typical SUSY models. Under those

27

FIG. 12: Comparison of the charge asymmetry A+ ! deÞned in eq. (8) as computed in the case of

UED with R! 1 = 500 GeV and the case of supersymmetry with a matching spart icle spectrum.

di! erent number of quarks and ant iquarks in the proton, which in turn leads to a di! erence

in the product ion cross-sect ions for squarks and ant i-squarks [9]. The spin correlat ions are

encoded in the charge asymmetry [9]

A+ ! !

!
dN (q! + )

dMql
"

dN (q! ! )
dMql

" # !
dN (q! + )

dMql
+

dN (q! ! )
dMql

"

, (8)

where q stands for both a quark and an ant iquark, and N (q! + ) (N (q! ! )) is the number of

entries with posit ively (negat ively) charged lepton. Our comparison between A+ ! in the

case of UED and SUSY [11, 12] is shown in Fig. 12. We see that although there is some

minor di! erence in the shape of the asymmetry curves, overall the two cases appear to be

very di" cult to discriminate unambiguously, especially since the regions near the two ends

of the plot , where the deviat ion is the largest , also happen to su! er from poorest stat ist ics.

Not ice that we have not included detector e! ects or backgrounds. Finally, and perhaps most

important ly, this analysis ignores the combinatorial background from the other jets in the

event , which could be misinterpreted as the start ing point of the cascade depicted in Fig. 10.

Overall, Fig. 12 shows that although the asymmetry (8) does encode some spin correlat ions,

dist inguishing between the speciÞc cases of UED and SUSY appears challenging. These

results have been recent ly conÞrmed in [14], where in addit ion the authors considered a

study point with larger mass split t ings, as expected in typical SUSY models. Under those

27

Some public and private to ols are available.

More completeMC tools are neededto study and distinguishvarious possibilities.

M.M. M•uhlleitner, MC4BSM, Fermilab, March 20-21, 2006



AlexanderPukhov

\CalcHEP for beyond Standard Mo del Physics"

Packagefor the computationof Feynmandiagramsand
integration overmulti-particle phasespace

eventgenerationand
matrix elementgenerationfor other programs.

- From Lagrangiansto �nal distributionswith a high levelof automation.
- Very exible with respect to the installation of newmodels

LanHEP package (Andrei Semenov):
Generationof model �les, simpli�es signi�cantly the constructionof lagrangiansas e.g. SUSY

Interface
! with Pythia via SUSYLesHouchesAccord

BSM implementations: MSSM, NMSSM, CP violating MSSM, ED models,LZP model,
leptoquark model, Little Higgsmodel
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ShufangSu: \Study Twin Higgs with CompHEP"

� Twin Higgs Mo del: Higgs as pseudo-Goldstone boson
Quadraticdivergenceforbiddenby left-right symmetry.

� New Particles:
Heavygaugeboson: WH; Z H ; HeavyTop: TH
Other Higgses:Neutral Higgs� 0, ChargedHiggs� �

Higgscoupleto gaugebosonsonly: H �
1 ; H 0

2 (Dark Matter Candidate)

� Mo del Parameters: f 1; (f 2; y), � , M , � ,
p

B

� Using CompHEP CreateModel: Variables,constraints,particles, Lagrangian

Production crosssection Particle Decays Signal/Background

TH decay BR

b� + 73.00%

bW+ 16.00%

tZ 6.80%

t� 0 3.20%

tH 1.10%
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Matt Reece

\T op partners at the LHC:
Mass and spin measurement"

Studied Signal: t0�t0 ! t �t + 2N

Implementation in MadGraph

� The signalcan be found in the hadronicchannelup to high masses

� Massesof t0 and N can be found up to discretedegeneracyfrom spin of t 0

� The spin of the t0 can be determined(with very high luminosity) from an asymmetryor
pseudorapidity correlationssensitiveto overallboost

� N spin and couplingsare harder: try other asymmetries,spin correlations...
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AlexanderBelyaev

\Little Higgs w/ T-parit y in CalcHEP"

B Completeimplementationof LHT in CalcHEP: LanHEP! CalcHEP
Independentimplementationwas important!

� All signaturesrelevantfor LHC classi�ed

� � term quark production suggested

� New signatures,incl. LSL havebeennoticed

� Importanceof non-decouplinge�ects for heavybosonpair production hasbeenshown.
Heavybosonpair production had beenover-estimatedpreviouslyby a factor 2-5

A.Belyaev (MSU) "Phenomenology of the Little Higgs model with T-parity with CalcHEP" 88

      

Phenomenology of  LHT modelPhenomenology of  LHT model
ParametersParameters

Interactions and promis ing productio n processesInteractions and promis ing productio n processes

like sign leptons!

B CalcHEP-PYTHIAinterface:
go beyond parton leveland understandthe signalobservability - analysison the way
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Jay Hubisz

\Little Higgs w/ T-parit y in MadGraph"

MadGraph: calculatesarbitrary tree levelhelicity amplitudes,e�cient for N > 4

How to input BSM into MadGraph
Fortran code with couplingsand widths compiledinto MadGraph
New Particle: Name-Spin-Mass-Width-Color-PDG Code

Widths needed!
MadGraph- CalcHEPinterface

input: particles to decay + valuesof free parameters
output: widths and BRs for requestedparticles

MadGraphmodi�ed to read in tablesof widths and valuesof free parameters

Distinguishing models
Generic:Missingenergy+ cascadedecays
distinguishingcharacteristics:spin and couplingsof new particles
MadGrapho�ers comparison of di�erent BSM physicsand their collidersignatures
spin information is preserved
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A bout T ools

BSM Models Spectrum Calc

Flavour Calc

Dark Matter

Cross Section Calc

Decay Codes

Event Generators

Data Analysis
Fitters

Feynman rules
(Eff. Pot.) SM Bkg/Gen

- (N)MSSM
- CPV, RPV
- Ext H ; ~� 0 sectors

*Langac ker
- NS Higgses *Kaplan
- Little H *Bely aev,

Hub isz,Schmaltz
- Twin Higgs *S u
- Higgsless,Z' *Simmons
- Warp ed ED *Agashe
- Warp ed/Comp. Pheno

*Sundrum
- UED *Cheng
- KK $ SUSY *Y avin
- Top Partners *Re ece
- ...

L

- CPSuperH
- FeynHiggs
- NMHDECAY
- RGE Co des

Isasusy
SoftSusy
Spheno
SuSpect
- ...

- (g� 2) �

- b! s
- B s ! � + � �

- ...

- micrOMEGAs
- SloopS
- DARKSUSY
- Relic densit y
- NeutDriver ...

- Tree-lev el, any
CalcHEP, *Pukho v,
CompHEP Bely aev,Su
Grace-SUSY
FormCalc

- 1-lo op, dedicated
ILCslepton
Prospino
hprod

- 1-lo op/General
Grace-SUSY
FormCalc
SloopS

- ...

- FeynHiggs
- HDECAY
- NMHDECAY
- SDECAY
- SPHENO
- ...

- Isajet
- Pandora *P eskin
- Pythia *Ric hardson
- Herwig *R, Yavin
- SUSY-MadGraph*Hub isz,

Reece
- SUSYGEN- MCFM
- ALPGEN- VECBOS
- WHIZARD...
- SCET ! MC's *Schwartz

- Bard *Kn uteson,Mrenna
- Fittino
- Sfitter
- NP- LHCFast *W alk er
- Requs. from the exp.

*de Ro eck
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A bout T ools

Cross Talks SLHA

BSM Models Spectrum Calc

Flavour Calc

Dark Matter

Cross Section Calc

Decay Codes

Event Generators

Data Analysis
Fitters

Feynman rules
(Eff. Pot.) SM Bkg/Gen

- (N)MSSM
- CPV, RPV
- Ext H ; ~� 0 sectors

*Langac ker
- NS Higgses *Kaplan
- Little H *Bely aev,

Hub isz,Schmaltz
- Twin Higgs *S u
- Higgsless,Z' *Simmons
- Warp ed ED *Agashe
- Warp ed/Comp. Pheno

*Sundrum
- UED *Cheng
- KK $ SUSY *Y avin
- Top Partners *Re ece
- ...

L

- CPSuperH
- FeynHiggs
- NMHDECAY
- RGE Co des

Isasusy
SoftSusy
Spheno
SuSpect
- ...

- (g� 2) �

- b! s
- B s ! � + � �

- ...

- micrOMEGAs
- SloopS
- DARKSUSY
- Relic densit y
- NeutDriver ...

- Tree-lev el, any
CalcHEP, *Pukho v,
CompHEP Bely aev,Su
Grace-SUSY
FormCalc

- 1-lo op, dedicated
ILCslepton
Prospino
hprod

- 1-lo op/General
Grace-SUSY
FormCalc
SloopS

- ...

- FeynHiggs
- HDECAY
- NMHDECAY
- SDECAY
- SPHENO
- ...

- Isajet
- Pandora *P eskin
- Pythia *Ric hardson
- Herwig *R, Yavin
- SUSY-MadGraph*Hub isz,

Reece
- SUSYGEN- MCFM
- ALPGEN- VECBOS
- WHIZARD...
- SCET ! MC's *Schwartz

- Bard *Kn uteson,Mrenna
- Fittino
- Sfitter
- NP- LHCFast *W alk er
- Requs. from the exp.

*de Ro eck
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Cross T alks { SLHA

Many to ols ! need to unify ! Accord

The SUSY Les Houches Accord
InterfacingSUSYSpectrum Calculators, Decay Packagesand Event Generators

P.Skands,B.C. Allanach,H.Baer, C.Bal�azs,G.B�elanger,F.Boudjema,
A.Djouadi, R.Godbole, J.Guasch,S.Heinemeyer, W.Kilian, J.Kneur,
S.Kraml,F.Moortgart, S.Moretti, M.M•uhlleitner,W.Porod, A.Pukhov,
P.Richardson,S.Schumann,P.Slavich,M.Spira, G.Weiglein

JHEP 0407:036[hep-ph/0311123]

http://home.fnal.gov/ � skands/ slha
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W hat is the SLHA ?

SUSY Models Spectrum Calc

Dark Matter

Event Gen./
Cross Section Calc

Decay Codes

- MSSM
p

- SUGRA
p

- GMSB
p

- AMSB
p

- RPV
- CPV
- FL V
- NMSSM

p

- ...

- CPSUPERH
- FeynHiggs

p

- ISASUSY
p

- NMHDECAY
p

- SOFTSUSY
p

- SPHENO
p

- SUSPECT
p

...

- micrOMEGAs
p

- DARKSUSY
- NeutDriver
- ...

- Calc/CompHEP
p

- AF's SLEPTONS
- Grace
- HERWIG(++)
- ISAJET
- PROSPINO

p

- PYTHIA
p

- SHERPA
- SMadgraph
- SUSYGEN
- WHIZARD

p
...

- FeynHiggs
p

- HDECAY
- NMHDECAY

p

- SDECAY
p

- SPHENO
p

- ...

SLHA
Input

SLHA Input
+ Spectrum
(+ Decay

Table)

SLHA Input
+ Spectrum

SLHA Input
+ Spectrum
+ Decay Table

M.M. M•uhlleitner, MC4BSM, Fermilab, March 20-21, 2006



Starting P oint (for the following discussion)

Consistency
De�ne parametersconsistentlyand unambiguously! speci�c conventionsadopted

Flexible/Extendable
Structure shouldbe generalenoughto eventually handleany model ! �les built
of modular data blocks.

Usable
Easyto implementto use! keepbasicstructure simple.

M.M. M•uhlleitner, MC4BSM, Fermilab, March 20-21, 2006



W hat is needed to 'specify' a SUSY model

Specify experimental boundary conditions
measuredSM gaugegSM

i and Yukawa couplingsY SM
ij k

De�ne the Superpotential
Yij k ; � (HO: at scaleQ, e.g. in the DR scheme)! W

De�ne the SUSY breaking terms
Soft breakinggauginomassesM i , scalar massesmij ; bij , and trilinear Aij k terms
(HO: at scaleQ, e.g. in the DR scheme)

Work out the physical spectrum
Pole masses(for kinematics),and couplings(for ME's), incl. mass$ current eigenstate
transl., and for HO calcs. all defs. in a usefuland well-de�ned renormalizationscheme/scale.

M.M. M•uhlleitner, MC4BSM, Fermilab, March 20-21, 2006



# =====================
# | THESDECAYOUTPUT|
# =====================
BLOCKDCINFO # Decay Program information

1 SDECAY # decay calculator
2 1.1a # version number

BLOCKSPINFO # Spectrum calculator information
1 SuSpect # RGE+Spectrumcalculator
2 2.33 # version number

BLOCKMODSEL# Model selection
1 1 mSUGRAmodel (cMSSM)

BLOCKMINPAR # Input parameters
1 1.00000000E+02 # m0
2 2.50000000E+02 # m_1/2
3 1.00000000E+01 # tan(beta)
4 1.00000000E+00 # sign(mu)
5 -1.00000000E+02 # A0

BLOCKSMINPUTS# Standard Model inputs
1 1.27934000E+02 # alpha_em^-1(M_Z)^MSbar
2 1.16639000E-05 # G_F [GeV^-2]
3 1.17200000E-01 # alpha_S(M_Z)^MSbar
4 9.11870000E+01 # M_Zpole mass
5 4.25000000E+00 # mb(mb)^MSbar
6 1.78000000E+02 # mt pole mass
7 1.77700000E+00 # mtau pole mass

...



#
BLOCKMASS # Mass Spectrum
# PDGcode mass particle

24 8.05247623E+01 # W+
25 1.11958472E+02 # h
35 4.04267792E+02 # H
36 4.03911084E+02 # A
37 4.12114996E+02 # H+
5 4.87884274E+00 # b-quark pole mass calculated from mb(mb)_Msbar

1000001 5.68219389E+02 # ~d_L
2000001 5.46046688E+02 # ~d_R
1000002 5.62724463E+02 # ~u_L
2000002 5.46320906E+02 # ~u_R

...
#
BLOCKNMIX # Neutralino Mixing Matrix

1 1 9.86499760E-01 # N_11
1 2 -5.35875238E-02 # N_12
1 3 1.45530023E-01 # N_13
1 4 -5.26081111E-02 # N_14

...
#
BLOCKUMIX # Chargino Mixing Matrix U

1 1 -9.18076565E-01 # U_11
1 2 3.96403104E-01 # U_12

...



#
BLOCKHMIXQ= 4.65294920E+02 # DRbar Higgs Parameters

1 3.62362517E+02 # mu(Q)
2 9.73343673E+00 # tanbeta(Q)
3 2.44829722E+02 # vev(Q)
4 1.69925064E+05 # MA^2(Q)

#
BLOCKGAUGEQ= 4.65294920E+02 # The gauge couplings

1 3.60897241E-01 # gprime(Q) DRbar
2 6.46514992E-01 # g(Q) DRbar
3 1.09620534E+00 # g3(Q) DRbar

#
BLOCKAU Q= 4.65294920E+02 # The trilinear couplings

1 1 -6.70201242E+02 # A_u(Q) DRbar
2 2 -6.70201242E+02 # A_c(Q) DRbar

...
# =================
# |The decay table|
# =================
...
# PDG Width
DECAY 1000021 4.46580230E+00 # gluino decays
# BR NDA ID1 ID2

2.12433782E-02 2 1000001 -1 # BR(~g -> ~d_L db)
2.12433782E-02 2 -1000001 1 # BR(~g -> ~d_L* d )
5.10105203E-02 2 2000001 -1 # BR(~g -> ~d_R db)

...



Aim
reviewmain calculationaltools, includinggenerators & Monte-Carlos

for BSM particle searches
at present& future colliders

and in non colliderphysicsexperiments(! DM searches)

Talks
DiscussionSessions

Round tables:
how to improve the existingprograms

how to incorporate di�erent existingconstraints
how best presentfuture data

how modulesfrom di�erent codescan be sewntogetherand interchanged

http://lappweb.in2p3 .fr/ TOOLS2006
tools06@lapp.in2p3.fr

MC4LHC 17-26 Jul 2006, CERN/Geneva
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Conclusions

Thanks to the Organizers!

See you in Annecy!
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